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Fig. 2

Coating a substrate with a first light resistance material and performing
corresponding treatment, so as to form a black matrix layer with a plurality of space
areas

gl

S120
N Y

| Coating said black matrix layer with a light resistance material different from said
first light resistance material, performing treatment with a laser beam on
predetermined positions, and then performing exposing, developing, and

soliditying treatments, so as to form a color resistance layer in said space areas

S130
N Y

Coating said color resistance layer with a conductive material, so as to form a
conductive film and obtain said color filter

Fig. 3



U.S. Patent Feb. 20, 2018

Sheet 2 of 2

\ /

3

.

\

US 9,897,728 B2

/

Fig. 4a

S o
\ f
I I
| I

2
1

J Exposure arca I

o F A o o T 7 T S A A

~
N
I
1

Fig. 4b

Exposure area

2
/S
/

T

2 M////ﬁ/f///ﬂW/f//ﬁM _ _ S

T

S

(A IS S A

Exposure area

Fig. 4¢

| - )
% f"‘ M//f//////////ﬁ///W//////f/////////W///////J/////xfW

P Wﬂf/ﬁ//ﬂ/f////

1

Fig. 4d



US 9,897,728 B2

1

METHOD FOR MANUFACTURING COLOR
FILTER, COLOR FILTER, AND LIQUID
CRYSTAL DISPLAY PANEL

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims benefit of Chinese patent
application CN 201410718779.0, entitled “Method {for
Manufacturing Color Filter, Color Filter, and Liquid Crystal
Display Panel” and filed on Dec. 1, 2014, which 1s incor-
porated herein by reference.

FIELD OF THE INVENTION

The present disclosure relates to the technical field of
liguad crystal display, and particularly to a method {for
manufacturing a color filter, a color filter, and a liquid crystal
display panel.

BACKGROUND OF THE INVENTION

During the manufacturing of liquid crystal display panel
in the prior art, the color filter thereot can be manufactured
through the steps of coating light resistance material, expo-
sure, development and solidification. In the manufacturing
of the color filter, several kinds of light resistance matenals
need to be coated on a substrate layer by layer 1n sequence,
so as to form a color resistance layer. This process would
possibly result 1n uneven portions at the regions where
different kinds of light resistance materials overlap with
each other, as the arrows shown in FIGS. 1 and 2. The
uneven portions each have a shape similar to a horn, and thus
can be called horn phenomenon. The aforesaid horn phe-
nomenon would lead to that the flatness of the surface of the
color resistance layer of the color filter 1s not desirable,
which would further result in that an Indium Tin Oxide
(ITO) conductive film that 1s formed after the color resis-
tance layer would break up easily.

SUMMARY OF THE INVENTION

In order to solve the aforesaid technical problem, the
present disclosure provides a method for manufacturing a
color filter, a color filter, and a liquid crystal display panel,
with which the horn phenomenon can be eliminated or
cased.

According to one aspect of the present disclosure, the
present disclosure provides a method for manufacturing a
color filter, comprising the steps of:

coating a substrate with a first light resistance matenal
and performing corresponding treatment, so as to form a
black matrix layer with a plurality of space areas;

coating said black matrix layer with a light resistance
matenal different from said first light resistance material,
performing treatment with a laser beam at predetermined
positions, and then performing exposing, developing, and
solidifying treatments, so as to form a color resistance layer
in said space areas; and

coating said color resistance layer with a conductive
material to form a conductive film, thus obtaining said color
f1lter.

According to one embodiment of the present disclosure,
said method further comprising a step of determining said
predetermined positions before performing treatment with a
laser beam, said step comprising:
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marking on boundaries of said black matrix layer after
said black matrix layer 1s formed, and taking these marks as

benchmarks to find boundaries of all space areas for use as
said predetermined positions.

According to one embodiment of the present disclosure,
said predetermined positions are located at overlapped parts
where black matrixes of said black matrix layer overlap said
color resistance layer.

According to one embodiment of the present disclosure,
the treatment with a laser beam 1s performed under certain
preset conditions, which include a width of each laser beam
and a distance between two adjacent laser beams.

According to one embodiment of the present disclosure,
said width of the laser beam 1s equal to a width of a
corresponding overlapped part.

According to one embodiment of the present disclosure,
the distance between two adjacent laser beams 1s arranged
based on a width of said space areas and a width of said
black matrixes.

According to one embodiment of the present disclosure,
exposure arcas where the exposing and developing treat-
ments are performed comprise said overlapped parts.

According to one embodiment of the present disclosure,
said method further comprising a step of pre-baking said
substrate after the treatment with a laser beam, so as to
prevent an influence of a volatile solution on the develop-
ment.

According to another aspect of the present disclosure, the
present disclosure further provides a color filter manufac-
tured by any one of the above methods.

According to another aspect of the present disclosure, the
present disclosure further provides a liquid crystal display
panel comprising the aforesaid color filter.

According to the present disclosure, the horn phenom-
enon on the color resistance layer of the color filter can be
eliminated or eased, and thus the flatness of the surface of
the color resistance layer can be improved. In this case, the
situation that the I'TO conductive film would break up easily
on a position of the color resistance layer where the homn
phenomenon occurs can be improved, and thus the perfor-
mance of the color filter can be improved accordingly.

Other features and advantages of the present disclosure
will be further explained 1n the following description, and
partially become self-evident therefrom, or be understood
through the embodiments of the present disclosure. The
objectives and advantages of the present disclosure will be
achieved through the structure specifically pointed out 1n the
description, claims, and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings provide further understand-
ings ol the present disclosure and constitute one part of the
description. The drawings are used for interpreting the
present disclosure together with the embodiments, not for
limiting the present disclosure. In the drawings:

FIG. 1 schematically shows a horn phenomenon of a color
filter;

FIG. 2 15 a sectional view of the horn phenomenon of the
color filter;

FIG. 3 15 a flow chart according to one embodiment of the
present disclosure;

FIG. 4a schematically shows a substrate coated with R
color resistance material according to one embodiment of
the present disclosure;

FIG. 4b schematically shows the substrate as shown 1n
FIG. 4a when a laser beam 1s applied;
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FIG. 4¢ schematically shows the substrate as shown in
FIG. 4b when an exposing treatment 1s performed; and

FIG. 4d schematically shows the substrate as shown in
FIG. 4¢ after a developing treatment 1s performed.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

The present disclosure will be illustrated 1n detail here-
inafter in combination with the accompanying drawings to
enable the purpose, technical solutions, and advantages of
the present disclosure more clear.

Currently, the process of manufacturing a color filter
mainly comprises the following steps. First, a black matrix
layer 1s formed on a substrate. Then, color resistance mate-
rials, which belong to light resistance materials, are coated
on the black matrix layer in sequence, and then exposed,
developed, and solidified at respective regions, so as to form
a corresponding color resistance layer. Finally, a conductive
material 1s coated on the color resistance layer to form an
ITO conductive film, and thus obtain the desired color filter.
An Over Coat (OC) layer, 1.e., a protection layer, which 1s
used for protecting the color resistance layer, can also be
provided between the color resistance layer and the ITO
conductive film at times according to actual needs.

During the manufacturing of color filter with the above
method, when the color resistance material 1s coated on the
black matrix layer so as to form the color resistance layer,
part of the color resistance layer would cover the black
matrix adjacent thereto. In this case, the positions of the
color resistance layer which cover the black matrix are
higher than other positions of the color resistance layer,
which would result 1n that the flatness of the surface of the
color resistance layer 1s less satisfactory.

As shown in FIG. 1, R, G, and B correspond to a red color
resistance layer, a green color resistance layer, and a blue
color resistance layer of the color filter respectively. There
are protrusions on both sides of each of the three color
resistance layers respectively, as shown by the arrow in FIG.
1. The protrusions each have a shape similar to a horn, and
can be called horn phenomenon. FIG. 2 1s a sectional view
ol a traditional color filter, wherein a substrate 1 1s provided
with a black matrix layer 2. The black matrix layer 2
includes a plurality of space areas, 1n each of which a color
resistance block 3 1s arranged. The position of the horn 1s
shown by an arrow therein. When an I'TO conductive film 1s
formed on the color resistance layer where the hom phe-
nomenon occurs, the ITO conductive film would break up
casily at the horn positions, and thus the performance of the
color filter would be aflected.

FIG. 3 1s a flow chart of manufacturing the color filter
according to one embodiment of the present disclosure. The
present disclosure will be illustrated in detail below with
reference to FIG. 3.

In step S110, a first light resistance material 1s coated on
a substrate and then treated, so as to form a black matrix
layer with a plurality of space areas.

The basic material of the first light resistance material
may be chrome, acrylic resin, or black resin, etc. The first
light resistance material 1s used for forming the black matrix
layer. In this step, first, the first light resistance material 1s
coated on the substrate; then, a photoresist, generally a
positive photoresist 1s coated on the first light resistance
material; after that, the regions where the first light resis-
tance material 1s unnecessary are exposed; and finally, the
substrate 1s developed, and thus the desired black matrix
layer can be formed. The black matrix layer 1s used for
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shading the light and increasing a color saturation of the
color resistance layer, so as to improve a color contrast
thereol and prevent a cross-color phenomenon. Meanwhile,
a photocurrent that otherwise would be generated therein
can be prevented by the black matrix layer, so that the
clectrodes of an array substrate can be protected.

In this step, the first light resistance material correspond-
ing to exposure areas 1s removed after developing procedure.
These areas are distributed 1n a spaced manner in the black
matrix layer, so that a plurality of space areas can be formed.
During practical manufacturing, these space areas can be
arranged with different shapes according to actual needs.

In step S120, a light resistance material different from said
first light resistance material 1s coated on said black matrix
layer, and the layer 1s treated with a laser beam at predeter-
mined positions, and then exposed, developed, and solidi-
fied, so as to form a color resistance layer in said space areas
respectively. Currently, the whole color resistance layer of
the color filter 1s formed by R color resistance layer, G color
resistance layer, and B color resistance layer. However, the
coating sequence of these three color resistance layers 1s not
necessarily in the sequence of R, G, and B. Meanwhile, the
light resistance material, which 1s used for forming the color
resistance layer, 1s not limited by R color resistance material,
(G color resistance material, and B color resistance material.
The light resistance material, which 1s used for forming the
color resistance layer, should have a good heat resistance
and penetrability, as well as a high color saturation. The
ingredients of the color resistance layer comprise polymer,
monomer, solvent, pigment, photoinitiator, and dispersant,
ctc, and the optical property of the color filter can be
regulated through changing the pigment thereof.

This step can be further divided into the following several
sub-steps, which will be 1llustrated below taking coating R
color resistance layer as an example. The color resistance
layer formed therein i1s not necessarily R color resistance
layer, while G color resistance layer, B color resistance
layer, or other color resistance layers are all applicable.

First, R color resistance material 1s coated on the black
matrix layer formed therein. The substrate coated with R
color resistance material 1s shown 1n FIG. 4a, wherein a
substrate 1s 1ndicated with reference number 1, a black

matrix 1s indicated with reference number 2, and an R color
resistance material layer 1s indicated with reference number
4.

Then, the substrate, which 1s coated with R color resis-
tance material, 1s treated with a laser beam at predetermined
positions. Belore performing treatment with a laser beam,
the irradiation positions, 1.e., the aforesaid predetermined
positions of the laser beam should be determined. According
to one embodiment of the present disclosure, the boundaries
of the black matrix layer are marked, and these marks are
taken as benchmarks to find boundaries of all space areas,
which serve as the predetermined positions. The size of the
color filter and 1its position on the substrate can be deter-
mined by the boundarnies of the black matrix layer, and the
irradiation positions of the laser beam can be determined by
the boundaries of the space areas. FIG. 45 schematically
shows a substrate coated with R color resistance material
when a laser beam 1s applied, wherein the laser beam 1s
indicated with reference number 5, and the dotted lines
correspond to the boundaries of the space areas, 1.e., the
irradiation positions of the laser beam. The i1rradiation
positions of the laser beam correspond to the overlapped
parts where the black matrixes of the black matrix layer
overlap the color resistance layer to be formed therein.
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When the R color resistance material layer 1s treated with
a laser beam, the treatment should be performed under
certain preset conditions, which include a width of each laser
beam and a distance between the laser beams.

The width of the laser beam 1s arranged to be equal to a
width of a corresponding overlapped part where the black
matrix overlap the adjacent R color resistance layer to be
formed therein. The width of the laser beam 1s determined by
the sizes of the black matrix and the R color resistance block,
and can be determined during an initial period when the
color filter 1s designed. Grooves are formed on the R color
resistance material layer on positions corresponding to the
irradiation positions of the laser beam, as shown by an arrow
in FIG. 4c.

The color resistance material on the overlapped parts
where the black matrixes overlap the adjacent R color
resistance layer to be formed therein can be melted by a high
temperature generated when a laser beam 1s applied, so that
the height of the color resistance matenal layer on this part
can be reduced. Since the width of the laser beam 1s arranged
to be equal to the width of the corresponding overlapped part
where the black matrix overlaps the adjacent R color resis-
tance layer to be formed therein, the height of other parts of
the color resistance layer apart from said overlapped part
would not be reduced. In this case, the horn phenomenon
generated on the overlapped parts where the black matrixes
overlap the adjacent R color resistance layer can be elimi-
nated or eased, and thus the flatness of the surface of the
color resistance layer can be improved. During practical
manufacturing of color filter, an 1ntensity of the laser beam
should not be too high and an irradiation time thereof should
not be over long. In this manner, it can be avoided that the
color resistance material of the color resistance layer on a
position where otherwise a horn phenomenon would occur
1s over-melted, and thus the height of the color resistance
layer at this position i1s lower than the height of the color
resistance layer at other positions. The intensity and irradia-
tion time of the laser beam can be selected according to
different color resistance materals.

The spaces among the laser beams are associated with the
width of the space area and the width of the black matrix.
The space between two laser beams which irradiate the same
black matrix and the space between two laser beams which
irradiate the same space area can be arranged to be equal or
unequal to each other. The spaces among the laser beams are
determined when the black matrix layer 1s formed. Accord-
ing to one embodiment of the present disclosure, the space
between two laser beams which irradiate the same black
matrix and the space between two laser beams which
irradiate the same space area are equal to each other, as
shown 1n FIG. 4c.

After that, the substrate, after being treated by the laser
beam, 1s exposed. The substrate should be coated with a
negative photoresist before exposure. The exposure areas
where the exposing treatment 1s performed correspond to the
R color resistance material layer between the black matrixes.
In addition, the exposure areas further comprise the over-
lapped parts where the R color resistance layer to be finally
formed therein overlaps the adjacent black matrix. The
edges of the exposure areas correspond to the edges of two
grooves formed between two adjacent black matrixes by
means of the laser beam, as shown in FIG. 4c.

Next, the substrate, after being exposed, 1s developed, so
as to obtain the desired R color resistance layer. As shown
in FIG. 4d, the substrate 1s indicated with reference number
1. the black matrix 1s indicated with reference number 2, and
a developed R color resistance block 1s indicated with
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reference number 3. After the developing treatment, the R
color resistance material i1n the non-exposure areas 1s
removed, while the R color resistance material 1n the expo-
sure areas 1s reserved, so as to form the R color resistance
layer. The protrusion parts in the middle of the exposure
areas as shown in FIG. 4¢ can finally form the structures as
shown 1n FIG. 44 under the influence of a developer.

Finally, the R color resistance layer formed therein 1s
solidified. In this step, the R color resistance layer 1s
solidified through baking. The purpose of the solidifying
treatment 1s to remove the residual water and developer
during developing procedure and increase an adhesion and
flatness of the color resistance layer. A baking temperature
can be set to be 200° C. to 250° C. In one preferred
embodiment of the present disclosure, the temperature
thereof 1s set to be 230° C. A baking time can be set to be
20 minutes to 30 minutes according to different kinds of
color resistance layer.

During practical manufacturing procedure, the arrange-
ment of R color resistance layer, G color resistance layer,
and B color resistance layer 1s not limited by the structure as
shown in FIGS. 4a to 44, and the R, G, and B color
resistance layers can be arranged in different manners
according to actual needs. In addition, during manufacturing
of each color resistance layer 1n sequence, the substrate can
be treated with a laser beam after the color resistance layer
ol the previous procedure 1s formed but before another color
resistance layer 1s coated, whereby the color resistance layer
formed 1n the previous procedure can be protected.

In step S130, a conductive material 1s coated on the R
color resistance layer, so as to form a conductive film (which
1s an I'TO conductive film 1n general) and obtain said color
filter.

According to actual needs, the substrate, after the plurality
of color resistance layers are formed therein, can be coated
with a resin material to form an OC layer so as to protect the
color resistance layers. Then, the OC layer 1s coated with the
conductive material to form the conductive film.

According to one embodiment of the present disclosure,
the color resistance layers, after being treated with a laser
beam and before being exposed and developed, 1s pre-baked,
s0 as to prevent an influence of a volatile solution on the
development thereof. A pre-bake temperature can be set to
be 70° C. to 100° C., and a pre-bake time can be set to be
70 seconds to 120 seconds. The pre-bake temperature range
and pre-bake time are dependent on to the color resistance
material coated therein.

According to one embodiment of the present disclosure,
the present disclosure further provides a color filter manu-
factured by the above method, which comprises a black
matrix layer with a plurality of space areas formed on the
substrate. The space areas are provided with a color resis-
tance layer, which 1s formed after being treated with a laser
beam, and then exposed, developed, and solidified. The
color filter further comprises an I'TO conductive film coated
on the color resistance layer. Since the step of treatment with
laser beam 1s added 1nto the manufacturing procedure of the
color filter, the horn phenomenon which otherwise would be
generated on the color resistance layer can be eased or
climinated. In this case, the ITO conductive film formed on
the color resistance layer would not break up easily, and thus
the performance of the color filter can be improved accord-
ingly.

According to one embodiment of the present disclosure,
the present disclosure further provides a liquid crystal dis-
play panel comprising the color filter manufactured by the
above method. The liquid crystal display panel comprises a
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color filter and an array substrate. The color filter comprises
a black matrix layer with a plurality of space areas formed
on the substrate. The space areas are provided with a color
resistance layer, which 1s formed after being processed with
a laser beam, and then exposed, developed, and solidified.
The color filter further comprises an I'TO conductive film
coated on the color resistance layer. Since 1n the color filter
used 1n the liquid crystal display panel, the horn phenom-
enon 1S eased or eliminated, the ITO conductive film formed
on the color resistance layer would not break up easily. In
this case, the uniformity and continuity of coating the I'TO
conductive film can be improved, which would facilitate the
control of the liguid crystal molecules, and thus the light
penetrability of the liquid crystal display panel can be
improved.

The above embodiments are described only for better
understanding, rather than restricting, the present disclosure.
Any person skilled 1n the art can make amendments to the
implementing forms or details without departing from the
spirit and scope of the present disclosure. The protection
scope of the present disclosure shall be determined by the
scope as defined 1n the claims.

LIST OF REFERENCE SIGNS

1 substrate

2 black matrix

3 color resistance block

4 R color resistance material layer
5 laser beam

The invention claimed 1s:
1. A method for manufacturing a color filter, comprising
the steps of:
coating a substrate with a first light resistance matenal
and performing corresponding treatment, so as to form
a black matrix layer with a plurality of space areas;

coating said black matrix layer with a light resistance
material different from said first light resistance mate-
rial, performing treatment with a laser beam at prede-
termined positions, and then performing exposing,
developing, and solidifying treatments, so as to form a
color resistance layer in said space areas; and

coating said color resistance layer with a conductive

material to form a conductive film,

wherein the treatment with a laser beam 1s performed

under preset conditions which include a width of each
laser beam, and wherein said width of the laser beam 1s
equal to a width of an overlapped part where a black
matrix of said black matrix layer overlaps said color
resistance layer.

2. The method according to claim 1, further comprising a
step of determining said predetermined positions before
performing treatment with a laser beam, said step compris-
ng:

marking on boundaries of said black matrix layer after

said black matrix layer 1s formed, and taking these
marks as benchmarks to find boundaries of all space
areas for use as said predetermined positions.

3. The method according to claim 2, wherein said prede-
termined positions are located at the overlapped parts where
the black matrixes of said black matrnix layer overlap said
color resistance layer.

4. The method according to claim 3, said preset conditions
turther include a distance between two adjacent laser beams.

5. The method according to claim 4, wherein the distance
between two adjacent laser beams 1s arranged based on a
width of said space areas and a width of said black matrixes.
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6. The method according to claim 5, wherein exposure
arcas where the exposing and developing treatments are
performed comprise said overlapped parts.

7. The method according to claim 1, further comprising a
step of pre-baking said substrate after the treatment with a
laser beam, so as to prevent an influence of a volatile
solution on the development.

8. A color filter, comprising:

a black matrix layer with a plurality of space areas formed
through coating a substrate with a first light resistance
material and performing corresponding, treatment;

a color resistance layer formed 1n said space areas through
coating said black matrnix layer with a light resistance
material different from said first light resistance mate-
rial, performing treatment with a laser beam at prede-
termined positions, and then performing exposing,
developing, and solidifying treatments, wherein the
treatment with a laser beam 1s performed under preset
conditions which include a width of each laser beam,
and wherein said width of the laser beam 1s equal to a
width of an overlapped part where a black matrix of
said black matrix layer overlaps said color resistance
layer; and

a conductive film formed through coating said color
resistance layer with a conductive material.

9. The color filter according to claim 8, wherein said
predetermined positions are located at the overlapped parts
where the black matrixes of said black matrix layer overlap
said color resistance layer.

10. The color filter according to claim 9, wherein the
distance between two adjacent laser beams 1s arranged based
on a width of said space arecas and a width of said black
matrixes.

11. The color filter according to claim 10, wherein expo-
sure areas where the exposing and developing treatments are
performed comprise said overlapped parts.

12. The color filter according to claim 11, wherein said
substrate 1s pre-baked after the treatment with a laser beam,
so as to prevent an influence of a volatile solution on the
development.

13. A liguid crystal display panel, comprising a color filter
and an array substrate, said color filter comprising:

a black matrix layer with a plurality of space areas formed
through coating a substrate with a first light resistance
material and performing corresponding treatment;

a color resistance layer formed 1n said space areas through
coating said black matrix layer with a light resistance
material different from said first light resistance mate-
rial, performing treatment with a laser beam at prede-
termined positions, and then performing exposing,
developing, and solidilying treatments, wherein the
treatment with a laser beam 1s performed under preset
conditions which include a width of each laser beam,
and wherein said width of the laser beam 1s equal to a
width of an overlapped part where a black matrix of
said black matrix layer overlaps said color resistance
layer; and

a conductive film formed through coating said color
resistance layer with a conductive material.

14. The liquid crystal display panel according to claim 13,
wherein said predetermined positions are located at the
overlapped parts where the black matrixes of said black
matrix layer overlap said color resistance layer.

15. The liquad crystal display panel according to claim 14,
wherein a distance between two adjacent laser beams 1s
arranged based on a width of said space areas and a width
of said black matrixes.
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16. The liquid crystal display panel according to claim 15,
wherein exposure areas where the exposing and developing

treatments are performed comprise said overlapped parts.

17. The liquid crystal display panel according to claim 16,
wherein said substrate 1s pre-baked after the treatment with 53

a laser beam, so as to prevent an influence of a volatile
solution on the development.
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